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people.[3] High incidence and prevalence of leukemia 
lead to significant mortality and impose high diagnostic 
and therapeutic costs on Iran.[4‑6]

Based on cell origin (lymphoid or myeloid) and duration 
of disease (acute or chronic), leukemia is divided into 
four main groups: Acute lymphoblastic leukemia 
(ALL), chronic lymphoid leukemia, acute myeloid 

INTRODUCTION

Leukemia is a multifactorial disease with unknown 
etiology despite remarkable advances in the medical 
sciences.[1,2] According to the latest report issued by 
Iran’s National Cancer Registration Program, which 
was recently released in 2019, the age standardized 
incidence rate of leukemia is estimated at 6.70/100,000 
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leukemia and chronic myeloid leukemia. The most common 
type of children cancer in the world and in Iran is acute 
lymphoblastic leukemia (ALL).[1,7] ALL accounts for about 
80% of all childhood leukemia, imposing a significant 
public health burden on health care systems.[8,9] Children 
are the most valuable assets of any nation, whose health is 
a guarantee for future health of a country.

One of the earliest disease zones was proposed by John 
Snow in 1854, following the outbreak of cholera in 
Soho, London.[10] In epidemiology, a cluster refers to the 
accumulation of rare cases of disease or any health‑related 
event such as cancer, congenital anomalies, suicide, and 
miscarriage which are interrelated in terms of time or 
space, and their number and accumulation is too large to be 
attributed to chance or coincidence. In clusters, disease cases 
are related to each other in terms of biological, pathological, 
environmental, social, or other specific conditions.[11]

Recent advances and high potentials of the geographic 
information system (GIS) and spatial epidemiology have 
opened a new window for epidemiologists, which allows 
planning for public health and new hypotheses.[11] Research 
on childhood leukemia can help identify environmental 
risk factors, providing new clues about the etiology of 
this disease.[12] On the other hand, investigating the spatial 
pattern of ALL occurrence can facilitate planning to promote 
disease surveillance system in high‑risk areas, which 
promises to be an effective step in preventing the incidence 
and reducing the prevalence of ALL disease.

Therefore, considering the paucity of studies on the status of 
epidemiology and geographical pathology of ALL in Iran, 
the present research was conducted to not only determine 
the epidemiological status of the disease, but also estimate 
the relative risk (RR) and identifying high‑risk and low‑risk 
clusters of the disease. Overall, it demonstrates a more accurate 
assessment of the risk factors involved in the ALL cycle.

MATERIALS AND METHODS

Study design
This is an ecological study conducted using exploratory 
multiple‑group design on all children under 15 years of 
age with ALL in Iran during 2006–2014 period. Given the 
exploratory nature of this study, it seeks to discover and 
describes disease patterns. Multiple‑Group design also 
suggests that these studies are performed in several areas 
rather than one, and a comparison is drawn between the 
distributions of the disease in various locations.[13,14]

Target and study population
The target population of study comprised all children with 
ALL in Iran and the study population comprised children 

reported in Iran’s National Cancer Registration Program 
with ALL in 2006–2014 years, who met the eligibility 
criteria of the study. The inclusion criteria were a known 
place of resident, diagnosis of ALL, and under 15 years 
of age.

Data resources
In this study, three main types of data sources were 
probe. The first source included data related to patients’ 
demographic characteristics, which were obtained from 
Iran’s National Cancer Registration Center for the period 
of 2006–2014. The second source consisted of data on the 
population at risk, or children under the age of 15 in the 
provinces of Iran, which was obtained from the Statistical 
Center of Iran. The third source contained data about 
patients’ geographic coordinates, which were obtained from 
the latest information in the Google Map software and the 
georeferenced layers of Iran’s provinces. Aggregate data 
were used in this study.

Spatial and descriptive characteristics of the study area:

Iran is a country in southwest Asia with 31 provinces and 
an area of 1,648,195 km2 in the Middle East between 25°3′ 
and 39°47 north latitude and 44°5′ and 63°18 ′ east longitude. 
According to the last census in 2016, the population of Iran 
is estimated at 79927270 people [Figure 1].

Statistical analysis
Descriptive
In this section, first central tendency and dispersion 
indices of the disease were computed, and then the 
average annual incidence rate of the disease in Iran was 
estimated during 2006–2014. Mann–Whitney U test and 
SPSS software (ver. 18, International Business Machines 
Corporation (IBM), New York, USA) were used to compare 
the mean age of patients in male and female subjects. In 
the present study, statistical tests were performed at a 
significance level of 0.05.

Spatial autocorrelation and cluster identification
In order to evaluate the spatial distribution of disease 
incidence, first the cumulative incidence rate (CIR) of 
ALL was calculated for each province of Iran. In the next 
step, the Global Moran’s I index was employed to assess 
the degree of spatial autocorrelation and the clustering 
tendency of ALL. The value of this index is between −1 
and +1 with values close to +1 indicating a more clustered 
and values close to −1 denoting the dispersed distribution 
of the variable under study. Futhermore, values near zero 
suggests that the spatial distribution of the phenomenon 
under study is random.[15] Finally, Kuldorff’s purely spatial 
scan statistic was used to identify the exact location of 
high‑risk and low‑risk clusters of ALL disease in Iran.
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Kuldorff’s spatial scan statistic
Due to its numerous advantages and applications, the 
Kuldorff’s spatial scan statistic is widely used in the 
realm of public health and spatial epidemiology.[16] These 
advantages include the ability to analyze and identify 
retrospective and prospective clusters, and the ability to 
adjust confounders and covariates such as age and sex, to 
identify different types of Purely Spatial, Purely Temporal, 
and Spatio‑Temporal clusters, to estimate the RR of disease 
in each of polygons and clusters, to detect and separate 
the most likely clusters and secondary clusters (lower 
probability), to detect high‑risk and low‑risk clusters 
simultaneously, to defined radius for the scanning window 
and to provide outputs in the format of programs such as 
ArcGIS, Google Earth, and Google Map.

This statistic is embedded in SaTScan software (ver. 9.6, 
Information Management Services, http://www.SaTScan.
org, Boston, USA) that defines the scanning window in 
various circular, elliptical and irregular forms identifying 
clusters. In the present study, since the number of patients 
is a count and “discrete variable, in each possible location, 
the distribution discrete Poission and a circular window 
shape were used to identify clusters. In spatial exploration 
statistics, the null hypothesis is considered to be equal to the 
risk of disease inside and outside the window or cluster, and 
the alternative hypothesis is the high risk of disease inside 
the window or cluster. The risk of catching the disease in 
each window is calculated by log‑likelihood ratio (LLR).[16] 
Under the Poisson assumption, the likelihood function for a 
window is as follows:
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Where C is the total number of cases, c is cases observed 
within the window, and E[c] is the expected number of 
cases inside the window under null hypothesis, which were 
adjusted for the covariates. Given that the analysis relies on 
the total number of observed cases, C‑E[c] represents the 
expected number of cases outside the window.[16]

The window with maximized LLR is considered as the 
primary or most likely cluster (a cluster that is unlikely to be 
formed accidentally). Other windows with a lower LLR are 
considered as the secondary cluster (a cluster with a higher 
probability of being created accidentally).In this study, 
the report of secondary clusters is limited to nonoverlap 
secondary clusters.[16] Statistical significance was calculated 
by the Monte Carlo simulation method. The maximum 
number of Monte Carlo simulations was limited to 999.

As mentioned earlier, one of the advantages of this statistic is 
calculating the RR as one of the most important and widely 
used epidemiological indicators using the following method.

RR c E c
C c E C E c

=
−   −  

/ [ ]
( ) / ( )

Where c is the number of cases observed within window, E [c] 
is the number of cases expected within the window, C‑c is 
the number of cases observed outside the window, E[C]‑E[c] 
is the number of cases expected outside the cluster.[16] In the 
RR analysis, if the result of fraction is equal to one, the risk of 
disease within and outside window or cluster will be equal. 
Also, if the RR is >1, the risk of disease within the window will 
be higher than other areas outside the window, making that 
window a high‑risk cluster. In addition, if RR is <1, the risk of 

Figure 1: Geographical location of Iran
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disease within the window will be lower than areas outside 
the window, making that window a low‑risk cluster.[16,17]

Determining the optimal radius window for spatial cluster 
analysis
Before cluster analysis, it is necessary to define the radius 
of circular window, which is calculated from the number of 
at‑risk populations in the study area at the user’s discretion. 
Obviously, the size of clusters can never be encompassed 
by the maximum size defined for the window radius. 
By default, the hierarchical method of circular radius is 
considered to be at its maximum value, i.e., 50% of the 
population at risk. Then, in order to identify clusters, the 
circle radius is gradually increased from zero to a specified 
maximum value. In the default mode (hierarchal method), 
wide and large single clusters may be discovered, which 
are not useful from an epidemiological perspective.[16] To 
address this problem, there are two solutions: First, in the 
same hierarchical method, the user performs a sensitivity 
analysis of the percentage of population at risk and selects 
the optimum size of the circle radius according to the results 
of cluster identification. The second and more effective 
solution is to use the Gini optimized cluster collection 
method, which uses an accurate method to estimate the 
optimal radius size of the circle to identify clusters. It has 
recently been shown that the Gini coefficient can identify 
several nonoverlapping clusters in a more local, precise, 
and realistic way instead of identifying a large cluster.[16,18]

Therefore, to determine the size of circle radius and 
perform cluster analysis in the present study, first the 
default hierarchical method was used by setting up 50% 
of population at risk. Then, to identify clusters at a more 
local scale and to separate clusters that could be within 
clusters identified by the default hierarchal method, the 
Gini Optimized Cluster Collection method was utilized with 
an estimated optimal value of 31% of population at risk. 
Finally, the RR of ALL disease in all provinces of Iran was 
estimated and mapped in ArcGIS (ver. 10.8, Environmental 
Systems Research Institute, California, USA,). Figure 2 
shows the flowchart of study stages.

RESULTS

Descriptive
In the present study, 3769 patients with ALL that met the 
inclusion criteria were entered into the study. The average 
annual incidence rate of ALL during the period of 2006–2014 
was 2.25/100,000 children under 15 years of age. The mean 
and standard deviation of the age of patients were 5.90 ± 3.68, 
with a median age of 5 years and incidence peak of 2–5 years 
of age. As for gender, 1587 were female (42.1%) and 2182 were 
male (57.9%), indicating that the incidence of disease in males 
is 1.37 times higher than in females. The mean and standard 

deviation of age were 5.81 ± 3.61 in females and 5.97 ± 3.73 in 
males. The mean age was not significantly different between 
female and male patients (P = 0.261).

Spatial autocorrelation
The value of the Global Moran’s I was 0.358 and significant, 
which indicates the high intensity of autocorrelation and the 
high tendency of ALL for clustering in Iran, was significant 
at a confidence interval of 0.99 (P = 0.0002).

Identifying clusters using default hierarchical method
The results of cluster analysis using purely spatial scan 
statistic by considering 50% of population at risk for circular 
window size (hierarchical or default method) are shown 
in Figure 3. As can be seen, in this case, the spatial scan 
statistic identified only two clusters (a high‑risk cluster 
and a low‑risk cluster), which can be due to setting up the 
window radius at its highest level and limiting the report of 
secondary clusters in a nonoverlapping manner. High‑risk 
clusters were identified in the southern and central 
provinces and low‑risk clusters in the northern and western 
provinces of Iran. The complete epidemiological, statistical, 
demographical, and geographical characteristics of these 
clusters are shown in Table 1. The RR in the high‑risk cluster 
was 2.7 and significant, suggesting that the risk of ALL in 
areas within cluster is 2.7 times higher than areas outside 
cluster (170% higher). Furthermore, the amount of RR in the 
low‑risk cluster was 0.38 and significant, indicating that the 
risk of ALL in areas within the cluster is 0.38 times greater 
than areas outside the cluster (62% lower).

Identifying clusters by Gini optimized cluster collection
The results of Gini Optimized are depicted in Figure 4. As 
can be seen, the number of clusters detected by the Gini 
Optimized method is smaller than the figure identified by 

Figure 2: Flowchart of different stages of the study
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the hierarchical or default method, which is assumed to be 
due to the smaller size of the circular window radius (50% vs. 
31%). A total of 5 important spatial clusters were discovered, 
including 2 high‑risk clusters and 3 low‑risk clusters.

The complete epidemiological, statistical, demographical, 
and geographical characteristics of the clusters discovered 
by Gini Optimized Cluster Collection method are shown in 
Table 2. According to the results of this table, it can be said 
that the most likely high‑risk cluster with LLR = 327.47 is 
located in the southwestern part of Iran (center 30.77 N and 
50.83 E) with a radius of 294.93 km. It includes Fars, Bushehr, 
Kohgiluyeh and Boyer‑Ahmad Khuzestan and Chahar 
Mahall and Bakhtiari provinces [cluster 1 in Figure 4]. In 
this cluster, 1276 patients with ALL were identified and the 
RR of ALL was estimated (2.56). According to the results, 
the risk of ALL within this cluster is 2.56 times higher than 

areas outside the cluster. A high‑risk secondary cluster 
was identified with LLR = 87.61 in the eastern Iran, which 
included the provinces of Yazd, Kerman, Razavi Khorasan, 
and South Khorasan.

On the other hand, the most likely low‑risk cluster with 
LLR = 227.03 was discovered in the northwestern part of 
Iran (center 37.25 N and 49.49 E) with a radius of 270.38 
km. It included the provinces of Zanjan, Qazvin, Gilan, 
East Azerbaijan, Ardabil, Alborz and Tehran [cluster 3 in 
Figure 4]. The number of patients identified in this cluster 
was 517 and the RR of ALL was estimated at 0.49, meaning 
that the risk of ALL within the cluster is lower than areas 
outside the cluster. Two secondary low‑risk clusters were 
identified in the western and northeastern regions of 
Iran [clusters 4 and 5 in Figure 4] in which the RR was 
estimated at 0.3 and 0.62, respectively.

Figure 3: High‑risk and low‑risk ALL clusters in Iran using the hierarchical purely spatial scan statistic method

Table 1: Characteristics of high-risk and low-risk acute lymphoblastic leukemia clusters shown in [Figure 3]
Cluster 
number in 
figure 3

Risk Number of 
provincial 
involved 
in cluster

Coordinate 
center of 
cluster

Population 
size of 
cluster*

Radius 
(km) of 
cluster

Observed 
cases in 
cluster

Expected 
cases in 
cluster

Obs/Exp** Relative 
risk

P LLR*** Cluster 
type

1 High 13 27.02 N and 
56.48 E

8,270,577 991.47 2644 1753.07 1.51 2.7 <0.001 430.27 Most likely

2 Low 16 35.68 N and 
46,98 E

8,824,257 490.92 1033 1870.43 0.55 0.38 <0.001 386.42 Most likely

*Total population of children under the age of 15 in the cluster, **Number of cases observed divided by the number of cases expected in cluster. *** Log‑Likelihood Ratio
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Estimation of the relative risk of all in all provinces of Iran
The RR of ALL incidence in all provinces was estimated 
and the results are shown in Table 3. These findings are 
consistent with the results of CIR in provinces, so that a 
high RR was observed in provinces with high CIR and a 
low RR in provinces with low CIR.

Four provinces with the highest RR were Fars (RR = 3.28), 
Kohgiluyeh and Boyer Ahmad (RR = 2.63), Yazd (RR = 2.23), 
and Khuzestan (RR = 1.83). On the contrary, four provinces 
with the lowest RR were Kermanshah (RR = 0.08), 
East Azerbaijan (CIR = 0.18), Zanjan (CIR = 0.22), and 
Ilam (CIR = 0.23). Finally, to illustrate the estimated RR 
values, the spot map of ALL was drawn in proportion to 
the RR at provincial scale [Figure 5].

DISCUSSION

The average annual incidence rate of ALL over a 9‑year 
period was 2.25 per 100,000 children under 15 years of age. 
Comparing the results of this study with those reported 
in the literature showed that the incidence of disease in 
Iranian children is lower than in developed countries and 
similar to developing countries. The incidence of ALL tends 
to be higher in more developed countries with a higher 

human development index.[19] The incidence rate of ALL 
has been reported to be 6.4 in Mexico, 5.8 in Canada, 4.6 
in the USA, and 4 in the UK per 100,000 children under 
the age of 15 years.[20] Other studies have estimated the 
incidence of the disease is between 2 and 7/100,000.[20‑22] A 
2017 population‑based registry study of 62 countries found 
that leukemia in the United States, Europe, and Oceania is 
higher than Asia and Africa.[23]

However, it is predicted that by 2030, about 70% of new 
cases Leukemia will be reported in developing countries.[24] 
One reason for low incidence and mortality in sub‑Saharan 
Africa is the lack of adequate diagnosis and treatment of 
patients.[25] The incidence and 5‑year survival rate of ALL 
in whites is higher than the black people.[22] Down et al. 
documented an increase in ALL over a 25‑year period in 
the United States.[22]

The results of age analysis of patients are consistent with 
other studies in this field. In most of reviewed studies, the 
highest age of disease incidence was reported at 2–5 years 
of age.[21,26] The incidence of ALL in children is about 4 times 
higher than in adults, and the disease has poor prognosis 
in adults. The highest incidence of ALL is shortly before 
school age.[22]

Figure 4: High‑risk and low‑risk clusters of ALL in Iran using the Gini Optimized Cluster Collection method
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The high incidence of ALL in the early years of life may be 
due to poor immune systems of children and the body’s 

abnormal response to common infections during this 
period.[27,28]

The sex ratio of male to female children was 1.37, but the 
average age of female and male patients was not statistically 
different. In the majority of studies, the incidence of the 
disease in boys has been reported to be higher than in 
girls.[1,20,21] According to a report published by the American 
Cancer Society in 2019, 55% of new cases and 56% of 
ALL‑induced deaths were observed in boys.[29]

In short, in the study of demographic and epidemiological 
indicators of children with ALL in Iran, no unexpected and 
abnormal findings were achieved.

In exploring the spatial pattern of ALL incidence, two 
important points were identified: First, during global 
analyses, the disease had spatial autocorrelation and a Figure 5: ALL spot map with respect to RR estimated in provinces

Table 2: Characteristics of high-risk and low-risk acute lymphoblastic leukemia clusters shown in Figure 4
Cluster 
number in 
figure 4

Risk Number of 
provincial 
involved 
in cluster

Coordinate 
center of 
cluster

Population 
size of 
cluster*

Radius 
(km) of 
cluster

Observed 
cases in 
cluster

Expected 
cases in 
cluster

Obs/Exp** Relative 
risk

P LLR*** Cluster type

1 High 5 30.77 N 
and 50.83 E

2967044 294.93 1276 628.91 2.03 2.56 <0.001 327.47 Most likely

2 High 4 32.67 N 
and 59.22 E

2595277 386.5 856 550.11 1.56 1.72 <0.001 87.61 Secondary

3 Low 7 37.25 N and 
49.49 E

5028019 270.38 517 1065.76 0.49 0.4 <0.001 227.03 Most likely

4 Low 3 33.12 N and 
46.92 E

1027124 147.57 68 217.71 0.31 0.3 <0.001 73.69 Secondary

5 Low 2 37.40 N and 
57.13 E

686464 181.31 92 145.51 0.63 0.62 <0.001 11.72 Secondary

*Total population of children under the age of 15 in the cluster, **Number of cases observed divided by the number of cases expected in cluster. *** Log‑Likelihood Ratio

Table 3: Relative risk, observed and expected values of acute lymphoblastic leukemia in each of the provinces
Number Province name Obs 

cases*
Exp 

cases**
Obs/Exp*** Relative 

risk
No Province name Obs 

cases*
Exp 

cases**
Obs/Exp*** Relative 

risk
1 Alborz 56 91.71 0.61 0.60 17 Kordestan 34 81.38 0.42 0.41
2 Ardebil 68 68.38 0.99 0.99 18 Lorestan 53 95.82 0.55 0.55
3 Bushehr 92 79.53 1.16 1.16 19 Markazi 61 66.47 0.92 0.92
4 Chahar Mahall and Bakhtiari 37 49.49 0.75 0.75 20 Mazandaran 87 132.15 0.66 0.65
5 East Azarbaijan 33 176.25 0.19 0.18 21 North Khorasan 39 51.68 0.75 0.75
6 Esfahan 213 213.72 1.00 1.00 22 Qazvin 45 48.83 0.92 0.92
7 Fars 620 213.60 2.90 3.28 23 Qom 30 58.55 0.51 0.51
8 Gilan 54 109.21 0.49 0.49 24 Razavi Khorasan 459 318.98 1.44 1.50
9 Golestan 53 95.82 0.55 0.55 25 Semnan 15 28.28 0.53 0.53
10 Hamadan 93 86.99 1.07 1.07 26 Sistan and 

Baluchestan
176 186.53 0.94 0.94

11 Hormozgan 108 145.51 0.74 0.73 27 South Khorasan 45 48.83 0.92 0.92
12 Ilam 7 29.64 0.24 0.23 28 Tehran 249 517.93 0.48 0.44
13 Kerman 239 145.00 1.65 1.69 29 West Azarbaijan 143 161.41 0.89 0.88
14 Kermanshah 8 92.26 0.09 0.08 30 Yazd 113 51.47 2.20 2.23
15 Khuzestan 433 249.94 1.73 1.83 31 Zanjan 12 81.38 0.22 0.22
16 Kohgiluyeh and Buyer Ahmad 94 36.35 2.59 2.63
*Observed cases in province, **Expected cases in province, ***Number of cases observed divided by the number of cases expected in province
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high tendency for clustering. Second, during local analyses, 
high‑risk clusters were identified in southwestern, central 
and eastern Iran and low‑risk clusters in northern and 
western Iran.

The high autocorrelation and the emergence of spatial 
clusters in the incidence of ALL testify to the impact of 
environmental, geographical, infectious pathogenic and 
genetic susceptibility risk factors on the disease cycle. 
The results of this study, consistent with the literature 
on ALL clustering, suggested significant clusters for ALL 
occurrence. Researchers have reported environmental and 
infectious risk factors for the causes of ALL.[20,30,31]

A 2012 study by Stephen in Fallon, New York, found 
that leukemia cases were most common in the summer 
and underdeveloped areas and villages. They asserted 
that the spatio‑temporal ALL distribution was abnormal 
and consistent with the involvement of infectious and 
viral agents.[32] In a 2013 study by Nyari et al. in Hungary, 
Chernobyl catastrophe was mentioned as a significant 
factor for ALL clustering.[33] Some viruses (HBV, HCV, 
HCG, HTLV‑1) can be involved in leukemia due to their 
lymphothropism and acute and chronic infections in blood 
mononuclear cells leukocytes.[34‑36] McNally et al.’s study 
in Manchester introduced infections as the cause of ALL 
clustering.[30] A 2017 study by Alvarez et al. found that ALL 
significantly increased clustering in Spain. Researchers 
cited children’s environmental history, such as exposure 
to ionizing radiation and pesticides as the reason for this 
clustering.[1]

Of course, genetic susceptibility can also explain the 
difference in the incidence of ALL, with higher incidence 
reported in U. S. Hispanics and Latin Americans.[23] 3%–4% 
of leukemia cases are attributed to inherited genetic 
predisposition.[37]

According to the results of identifying high‑risk and 
low‑risk clusters, it can be stated that the incidence of the 
disease in low latitudes is much higher than high latitudes. It 
should be noted that the distribution of environmental risk 
factors varies in different latitudes and longitudes. In fact, 
the differences in the incidence of diseases in different places 
may be due to the environmental exposure in those areas.

One possible reason for high incidence of the disease in low 
latitudes and southern regions of Iran is greater exposure 
to ultraviolet radiation (UV) as a carcinogen in ALL, which 
is due to longer and direct sunlight. Another possible 
reason is the air pollution related to the oil‑richness and 
the presence of vast gas resources in the southern regions 
of Iran, especially in Kohgiluyeh and Boyer‑Ahmad and 
Khuzestan, Chahar Mahall and Bakhtiari provinces. In fact, 

in these areas, part of ALL incidence is due to the synergism 
interaction between the risk factors of geographical and 
environmental.

Patients’ residence can be considered a valid indicator 
for assessing environmental and local exposures because 
children spend most of their times at home.[2] Geographical 
differences in ALL risk factors lead to changes in the spatial 
distribution and incidence of this disease.[2]

Chizhov et al. found that the association between 
solar activity and the risk of leukemia is important in 
raising awareness about the etiology of the cancer. In 
their 2018 study in Russia, they reported a significant 
linear relationship between leukemia and solar activity 
within 3 years after the birth of sick children (r = 0.567; 
P = 0.018).[38] In France. Astrid et al., in their 2015 study 
found a positive and significant association between the 
standardized incidence rate (SIR) of ALL and exposure 
to solar UV radiation. Researchers reported that UV 
contributes to the suppression of the immune system.[39] 
Elise et al., in a 2016 study on assessing evidence in the USA 
reported a high risk of leukemia in children with respect 
to unconventional oil and gas development. They posited 
that the health risks of UO and G development are novel 
and emerging in epidemiological studies. These findings 
call for further spatial analysis to detect leukemia using 
GIS.[40] Increased risk of ALL has also been reported in 
suburban highways,[41] near gas stations,[42] and adjacent 
to gasoline sources.[43]

CONCLUSION

The incidence of ALL in Iranian children is lower than in 
developed countries and similar to developing countries. 
ALL in boys is 1.37 times higher than in girls and is more 
common in the early years of life. ALL has a high spatial 
autocorrelation and has created cluster in Iran. High‑risk 
clusters were observed in southwestern, central, and eastern 
Iran, and low‑risk clusters were identified in northern and 
western Iran. In general, the condition of high‑risk and 
low‑risk clusters in Iran is very specific, indicating the 
synergism interaction between environmental, infectious, 
geographical, and genetic risk factors. Hence, it is suggested 
to strengthen disease surveillance systems to prevent the 
incidence and reduce prevalence, and to boost effective 
management and appropriate treatment of patients in 
high‑risk areas of ALL in Iran.
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